INTRODUCTION
Many studies have indicated that the broad-scale thermal characteristics of oceanic areas exert significant influences on the magnitude and spatial pattern of precipitation receipt in nearby continental areas. In tropical regions, anomalous sea surface temperatures (SSTs) in the eastern south Atlantic are thought to cause drought conditions in the Sahel area of Africa (Lamb, 1978; Druyan, 1991) while global SST anomaly patterns have been associated with such droughts by Folland et al. (1986) . Trenberth et al. (1988) have shown that recent droughts in North America may be the result of anomalous SSTs over the east central Pacific induced by circulation changes associated with the El Nino-Southern Oscillation.
In temperate regions, precipitation patterns have also been closely associated with the thermal characteristics of adjacent oceanic areas (Mills, 1983) and departures from the oceanic temperature norm have been used to explain concurrent weather patterns in nearby land areas (Perry, 1975) . For both temperate and tropical regions, this is largely a consequence of the sea's role in determining the rate of tran of sensible and latent heat energy into landw moving circulation systems. In the case of muc western Europe, such disturbances are princip eastward-moving Atlantic depressions, though vective activity over relatively warm sea surfac autumn or winter, and its suppression over relati cool surface waters in spring and summer, is important.
The amount, intensity, and detailed geographical distribution of precipitation over land adjacent to oceanic areas in both temperate and tropical areas is a function of the interaction between local relief and low level airflows, and of the stability characteristics and moisture content imparted to the lower atmosphere by the air mass's trajectory. Wind direction and exposure are thus the principle controls on the mesoscale variation of precipitation at time scales of about a day. These are often also the spatial and temporal scales appropriate for investigating precipitation-related hazards. The primary purpose of this paper is thus to provide, with reference to Britain and Ireland, information on where significant Trans. Inst. Br. Geogr. N.S. 17: 448-463 (1992) ISSN: 0020-2754 Printed in Great Britain enhancement (or reduction) of precipitation amounts may occur with a particular synoptic situation. Rudimentary probability forecasting at a sub regional scale also follows from this capability.
As a second objective, the paper examines changes in circulation frequencies. Studying the association between precipitation and circulation types enables the component contributions of a place's annual precipitation regime to be disaggregated according to the circulations producing it. This is important should the frequency of particular circulation types be liable to change. At present there is growing awareness that significant circulation changes have occurred in recent times (Briffa et al., 1990) and that further changes will accompany projected medium term global changes in climate. Indeed it may be argued that short term future climatic changes in the northwestern Europe will be determined principally by changes in circulation frequencies. Among other causes, these will result from contrasts in ocean/land responses to global warming (Mikolajewicz et al., 1990) and from differences within the oceans due to spatial contrasts in seasonal mixing depths (Rowntree, 1990) . Precipitation changes associated with these circulation changes are thus inevitable and the present paper reviews some of those which may have already occurred and comments on possible future changes in rainfall geography in Britain and Ireland should greenhouse warming proceed as projected in the current generation of general circulation models.
CIRCULATION CATEGORIES AND PRECIPITATION DATA
In relating precipitation yields to synoptic circulation types, the first requirement is for some form of daily categorization of airflow types across Britain and Ireland. A number of approaches have been made to achieving this, ranging from early tabulations of surface wind direction frequencies (Brooks and Hunt, 1933) , through more sophisticated air mass analysis (Belasco, 1952) to perhaps the best known catalogue of airflow types devised by Lamb (1972) .
The scheme originally devised by Lamb (1950) involved seven primary types: anticyclonic, cyclonic, northwesterly, westerly, northerly, easterly, and southerly. Subsequently, a further nineteen hybrid categories (together with an unclassified category) were added, incorporating more complex circulation types into a daily catalogue extending from 1861 (Lamb, 1972) . Updating has enabled a register of over January, 1991 130 years of daily circulation types to be compiled. However, although the Lamb Catalogue of Airflow Type has become a popular and widely used system of classifying and describing weather at the synoptic scale, it suffers from a number of limitations, some of which are particularly relevant to the present study.
Limitations of the Lamb-classification of circulation types
Classifying the variety of weather types affecting Britain and Ireland into a small number of categories is not always a straightforward exercise (O'Hare and Sweeney, 1992) , a difficulty recognized by Lamb (1972) when he extended his original seven primary types to include the additional nineteen hybrid types referred to above. The criteria used to differentiate some of the hybrid categories from their parent primary circulations can on occasion be somewhat unconvincing. Figure 1 shows a strong westerly circulation extending across Britain and Ireland on 5th January 1991. This shows a particularly deep depression which produced wind gusts up to 90 knots in western Ireland and wave heights over 30 metres offshore at the same location. However, because the central isobar of the depression fails to intercept mainland Scotland the circulation could reasonably be classified as westerly. That this should occur at the critical time of noon (on which the classification is based) is somewhat fortuitous -one hour later the day would have been classified as cyclonic or cyclonic south-westerly. Somewhat ironically, had the depression been slightly less intense, a cyclonic or cyclonic south-westerly designation would also have been appropriate for the day. The most serious limitation, however, relates to the extent of the area to which the classification is validly applied. The categories were originally considered by Lamb to be representative of an area (500-600N and 100W-20E) which includes the whole of Britain and Ireland. This must be questioned, particularly given the significant regional-scale variations in circulation type recently shown to exist for the period 1959-89 by Mayes (1991) .
It is well known that marked contrasts in weather can occur in different parts of Britain and Ireland on a single day as a result of more than one airflow type being present. In addressing these problems, Mayes (1991) has suggested that a regional breakdown of circulation types would be appropriate. This would have been desirable for the present study, given the concerns expressed above. However, since regionally specific registers only exist for some parts of the study area, such as Northern Ireland (Betts, 1989) , and for periods of time much shorter than Lamb's long register, it was decided to use the Lamb-classification codes in this work. Stations were selected on the basis of their length, reliability and location. Some were found to be suspect on individual days and for longer periods of time and their data was discarded where this was observed. A paucity of stations in some areas is nevertheless apparent, and the preparation of maps involved more than might be wished in the way of interpolation, particularly in north-west Scotland where the data net is rather sparse. Interpolation of points from a non-random network runs the risk that some points will exert disproportionate 'leverage (Unwin and Wrigley, 1987) and so nearest neighbour analysis was carried out to ascertain the degree of clustering which occurred. For the UK network a nearest neighbour statistic of 1-13 was calculated with a corresponding figure of 1-0 for the Irish network. These values indicate that the network could be considered significantly random at the 0-05 level. The data can thus be considered reasonably representative of precipitation conditions in lowland Britain and Ireland.
Matching and within-type temporal consistency Mean daily rainfall amounts were calculated for each of the Lamb-classification circulation categories for each station. In this respect the exercise was similar to that carried out using 15 years of data for central, eastern and southern England by Stone (1983 (a) and (b)) and one year of data for Ireland by Houghton and O Cinneide (1976) . The mean situation which the map depicts is that of a depression centred over the Irish Sea. Precipitation amounts are at a maximum in this area, an indication also of available water vapour supplies. South of the depression centre the Bristol Channel is seen to be particularly exposed to cyclonic air masses from the south-west, while to the north the eastern coast of This area is also relatively close to the area of highest atmospheric pressure. Moisture is picked up wherever this north-westerly airflow has any length of sea passage. This is most apparent in north Wales and north-west England where considerable moisture is obviously picked up over the North Channel and Irish Sea. A smaller effect is apparent also on the exposed northern coast of Cornwall and Devon, and in north Munster.
Anticyclonic north-westerly airflows are significantly drier, especially over southern Britain and Ireland where pressure is highest. A particularly dry area is apparent around Fife, in the lee of the Highlands.
Cyclonic north-westerly airflows, on the other hand, yield over 2-0 mm almost everywhere outside of lowland England. Particularly noteworthy with this airflow is the long tongue of enhanced rainfall stretching down the eastern side of the Irish Sea.
Substantially more precipitation is being received in north Wales and north-west England than might be expected with such an airflow and it may be that the North Channel is acting as a trigger for convective activity in such unstable airflows. This is something which forecasters might profitably allow for in regional precipitation forecasts with such synoptic conditions. Satellite imagery might also confirm the North Channel as an area of convective cloud development. This could be expected to be most marked in autumn and winter in unstable north-westerly airflows. Again the effects of a continued decline in the frequency of westerly circulations could be expected to ultimately diminish west-east contrasts apparent in the annual rainfall map, particularly if the replacement of such flows by cyclonic airflows occurred.
Northerly (Figures 5a,6a, As might be expected with such airflows, a marked gradient in receipt is apparent from west to east. Orographic influences due to lifting of maritime tropical air are also very clear. North western Scotland is more than six times wetter in southwesterly airflows than eastern England and overall many similarities exist with the maps of westerly distributions. Cyclonic south-westerly is the highest yielding airflow in precipitation terms of all of the Lamb-classification categories. This is true of almost all areas with the exception of south-east England and is undoubtedly due to the existence both of a moist tropical air mass and a delivery system in the form of a depression off the north-west coast.
South-easterly (Figures 7c, 9c, 10c) An anticyclone in the North Sea or Low Countries means south-easterlies reaching eastern Britain will normally be stable airflows with a short sea passage.
Further west more instability will exist, and air reaching Ireland for example will have passed also over the Celtic Sea, picking up moisture as it proceeds. With all forms of south-easterly, it is therefore the Cork-Kerry mountains which receive the greatest falls. Surprisingly, receipts for these areas exceed 
CHANGES IN CIRCULATION FREQUENCY
The number of days per year during which each principal synoptic type prevailed is plotted in Figure 11 . Average annual rainfall in western parts of Britain increased by 5-10 per cent or more during the 191 50 reference period compared to the period (Glasspoole, 1954) The 1980s have seen an increase in westerli Scotland, while anticyclonic activity has incr south-east England (Mayes, 1991) . These r contrasts have not been reflected fully in th classification codings for the period and additional justification for the use of reg specific circulation indices. Clearly further necessary to establish the precipitation impl of such regional contrasts and also to ident seasonal geographical variations in receipt occur with particular synoptic types. The lat likely to be significant in view of the varying control exerted by land and sea at different t the year on precipitation-producing mechanis At a larger scale, a decreased equator-pole t gradient is likely to be a consequence of gre 
